H obusch and colleagues presented the largest series to date of survivors of Ewing family of tumors who have been evaluated for bone-mineral density (BMD) and fractures. Most of the earlier series evaluating BMD merged the Ewing patients and often overshadowed them with osteosarcoma and/or other solid tumors [7, 9] . The overall BMD findings by Hobusch et al. are not surprising, showing that there is a relatively high prevalence (31 of 56; 56%) of pathologic bone density in this patient population. Their clinical fracture occurrence is also relatively high, showing that 29 fractures occurred in 22 of 56 patients. However, perhaps the most interesting fact was that while osteopenia/osteoporosis and fractures were frequent, the two did not seem to be related. This may be the result of a beta error … or perhaps not.
The possibility of osteopenia/osteoporosis failing to explain the fractures is particularly interesting considering that in a similar related situationpostradiation bone, as seen in the treatment of soft tissue sarcomafractures also occur with increased frequency compared to controls, but without any apparent decrease in BMD [4] . Preliminary evidence in those patients similarly suggests increased bone fragility independent of bone density. In 2011, Dhakal et al. [4] reported as similar disconnect between BMD and fracture among 19 patients status post surgical excision and radiotherapy treatment for soft tissue extremity sarcomas. Despite knowing that patients who undergo radiotherapy treatment for extremity soft tissue sarcomas have been widely recognized to have an increased risk of fracture, the mean BMD at all irradiated sites in these 19 patients was, on average, higher than the contralateral anatomic site. In the current study, nine of 36 patients who received radiotherapy had fractures in the radiation field. Other studies [3, 5] have shown higher rates of fracture for irradiated femurs in patients with Ewing family of tumors. However, in the current study, the rate was only 40%. The fact that the majority of the fractures occurred outside the irradiated field and in patients who did not have pathologic bone density remains an enigma. Therefore, what we know now is (1) pediatric patients who receive chemotherapy treatment for Ewing family of tumors, just like those treated as children for osteosarcoma and other childhood tumors (leukemia, lymphoma), are very likely to have low BMD entering adulthood, and (2) those same patients are more likely than their cohorts to have fractures. What we do not know is what other factors may be in play beyond BMD density alone, since the pathologic BMD may not account for all of the fractures.
Where Do We Need To Go?
As the authors note, ''If BMD changes cannot explain the propensity of fractures, there may be other bone characteristics like microarchitectural changes of bone to more accurately explain the effect.'' Factors other than BMD likely contribute to the occurrence of these fractures, both following chemotherapy and radiotherapy, and those factors may include biological, biomechanical, and biochemical changes. Those factors require further investigation. A fair amount of work has been done on the biologic effects of both chemotherapy and radiotherapy on osteoblasts and osteoclasts with the common theme being an uncoupling of osteoclastic resorption and osteoblastic bone formation leading to abnormal bone formation at least temporarily following chemotherapy and sometimes permanently following radiotherapy. Our own biomechanical evaluation of irradiated bone [10] has shown that diminished bone content and resultant structural properties of the remaining bone fail to explain the biomechanical weakening of the bone. Hence, we are left with biochemical changes, which is where the answer may lie.
How Do We Get There?
As suggested by the current authors, there are two routes that are worth exploring. The first is to evaluate larger numbers of patients prospectively in order to determine whether this disconnect between BMD and fracture is real or a statistical anomaly. The second is to evaluate other potential contributing factors to explain the disconnect, and, as noted above, the biochemical changes would appear to be a promising target. At least for radiotherapy, there appear to be intrinsic biochemical changes within the remaining bone that are candidates to explain the fragility. Radiationinduced biochemical changesincluding altered collagen crosslinking, crystallinity, and mineral-tomatrix ratio as well as an increase in advanced glycation end productsmay ultimately prove to account for the increased fragility [1, 2, 6, 8] . The same kinds of changes have yet to be investigated for bone treated by chemotherapeutic agents such as those used for pediatric patients with sarcomas, including Ewing family of tumors, and other solid tumors. Therefore, more work lies ahead in this area, and the current article provides an impetus for it.
